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Description

[0001] The invention relates to a method for manufac-
ture of a transformer core made of ferromagnetic mate-
rial, such as amorphous metal or silicon iron, which is
provided as a single ribbon layer or as multiple ribbon
layers wound on a winding mandrel.

[0002] A major component of a transformer is its core
with the purpose of guiding the magnetic flux whereas
the core usually consists of laminated steel laminations.
Transformers for use at power typically have cores made
of high permeability silicon steel which has a permeability
many times that of free space, and the core thus serves
to greatly reduce the magnetizing current, and confine
the flux to a path which closely couples the windings.
[0003] Earlytransformer developers soonrealized that
cores constructed from solid iron resulted in prohibitive
eddy-current losses, and their designs mitigated this ef-
fect with cores consisting of bundles of insulated iron
wires. Later designs constructed the core by stacking
layers of thin steel laminations, a principle that has re-
mained in use.

[0004] Each lamination is insulated from its neighbors
by a thin non-conducting layer of insulation.

[0005] The effect of laminations is to confine eddy cur-
rents to highly elliptical paths that enclose little flux, and
so reduce their magnitude. Thinner laminations reduce
losses, but are more laborious and expensive to con-
struct. Thin laminations are generally used on high fre-
quency transformers

[0006] Accordingly the transformer core causes ener-
gy losses due to hysteresis and eddy currents. The use
of amorphous metal (typically FeBSi alloy) instead of Si-
steel as core material allows to significantly reducing
theselosses. Due to the higher energy efficiency of amor-
phous transformers they find increasing application. The
manufacturing of the cores is labor intensive and costly.
This ID presents an alternative manufacturing method
which allows simplifying several of the manufacturing
steps

[0007] From EP 0357357A1 a method of constructing
a transformer having an amorphous steel core has be-
come known having a coil about a leg of the core wherein
the core leg is formed to a cross section that more closely
conforms to the configuration of the coil window of the
coil that surrounds the core leg. The core leg is formed
of superposed strips of amorphous steel which are some-
what thicker in their central region than at their edges
and which are squeezed together at their edges to form
the conformal cross-section.

[0008] According to US 4814736A a transformer core
is made by winding a strip of ferromagnetic material, such
as amorphous metal or silicon iron, on a winding mandrel
to form a first annulus and cutting once through this an-
nulus to create a plurality of individual laminations which
are then assembled in packets about a nesting mandrel
of a smaller diameter than the winding mandrel to form
a second annulus. Each packet consists of a predeter-
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mined number of groups of laminations, with the ends of
each lamination group lapping each other to form a lap
joint. US 4 709 471 A discloses a method of constructing
a transformer having a magnetic core by winding a strip
of amorphous metal to form a plurality of laminations and
cutting all the laminations using laser cutting means.
[0009] The lap joints of each packet are arranged in
staggered positions to create a repeating step-lap joint
pattern confined within a predetermined joint region. By
decreasing the lap joint dimension and increasing the
number of groups in successively assembled packets,
the increase in build of the joint region over that of the
remainder of the second annulus is minimized.

[0010] Hence itis an object of the present invention to
provide anew method for easier manufacturing of a trans-
former core, a method for manufacture of a transformer
having a core being manufactured according to the
claimed method. Accordingly the invention provides in
claim 1, an alternative manufacturing method which al-
lows simplifying several of the manufacturing steps. In
particular the claimed method is characterized by the fol-
lowing steps

a) the single ribbon layers or bundle of ribbon layers
of ferromagnetic material, such as amorphous metal
or silicon iron, are continuously wound into loops,
whereas the shape of the core loops is effected by
means of an appropriate mandrel to be directly
formed into its final shape;

b) the single or multiple ribbon layers of the loops
are being cut in that

- alaseris used for cutting, allowing fast and pre-
cise cutting of the ribbons, and in that

- all ribbons of the loops are cut at at least one
position along the circumference of each ribbon
layer;

wherein the laser is positioned below the core/loop for
cutting. In this case the ribbon layers are enabled to open
up (unlace) by gravitational force. While according to the
teaching according to the state of the art known from US
481736A the strips of amorphous metal are provided for
the single layers of the core each forming an annulus
with the respective diameter being cut into the length
according to its later position, with this invention the foil
of amorphous metal is wound continuously until the final
shape of the core is achieved. This is an essential feature
of the invention.

[0011] Only then the cutting takes place by means of
a mechanical cutting device or of laser cutting which al-
lows precise and fast cutting as well as automated oper-
ation of the mounting equipment while the mechanical
cutting of the tapes or ribbons respectively of the bundle
of ribbons as a conventional method is possible, too, and
is adopted in case when the laser equipment is not avail-
able or the layers of tape have a thickness which is not
appropriate for laser cutting.
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[0012] According to a further essential feature of the
invention laser cutting instead of mechanical cutting has
been provided as well as the continuous winding of the
ribbons of ferromagnetic material, such as amorphous
metal or silicon iron, forming the core until the final shape
has been achieved.

[0013] Consequently laser devices are being provided
for cutting the ribbon like foils with respect to the specif-
ically required width corresponding to the desired design
and the winding apparatus by which the ribbon with the
specific width is wound continuously until the core has
achieved its final shape.

[0014] In this regard the laser cutting device and the
spooling mechanism may be manually operated, but
preferably it is partly or fully automated which is advan-
tageous for the handling with the spooling of the ribbon.
[0015] As already mentioned laser cutting is more re-
liable and more precise as to the trimming of the borders
than the customary mechanical cutting, especially with
regard to the surface quality of the respective cut line.
[0016] A further preferred provision is characterized in
that the winding axis has a horizontal or vertical or any
other direction.

[0017] For displacement of the positions of the cuts,
either the core or the laser beam are being displaced, or
the direction of the laser beam is being adjusted. Alter-
natively the laser beam is being displaced by one or sev-
eral mirrors.

[0018] Furthermore according to a preferred embodi-
ment of the claimed invention the single ribbon layers or
bundles of layers can be wound at a time, i.e. simultane-
ously.

[0019] According to one preferred embodiment of the
invention the winding process of the ribbon is being ex-
ecuted fully or partly by automatic equipment, though
likewise manually operated equipment is applicable.
[0020] Advantageously the winding axis can be pro-
vided to have horizontal or vertical direction or any other
direction. In case of Evans cores, which finally comprise
three core legs, the outer loop can directly be wound on
the two inner loops.

[0021] According to an improvement of the invention
it is provided that during the winding process strips of
different material can locally be inserted into the winding.
These inserts can be introduced between each ribbon
layerrespectively between any bundle of layers. The pur-
pose of these inserts is to limit the depth of the cuts.
According to the claimed invention the laser is positioned
below the core respectively the loop for cutting. In this
case the ribbon layers are enabled to open up (unlace)
by gravitational force.

[0022] Preferably according to a further embodiment
of the claimed method the inserts can be displaced, and
thus allowing a stepped butt configuration. Consequently
the inserts can be made of amorphous metal, Si-steel,
other metal foils or polymeric foils, whereas a preferred
polymeric foil is made from PTFE.

[0023] Ifinserts are being provided, according to a fur-
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ther improvement of the invention the cuts are effected
at the position of the inserts within the core. If any inserts
are present in the core, such inserts are removed after
effecting the cuts.

[0024] Furthermore according to an advantageous
embodiment of the invention it is provided that other than
straight cuts are effected, e.g. a wave-shaped cut which
helps to improve the magnetic flux and reduce losses
and excitation current.

[0025] Such shapes are easily feasible with laser cut-
ting. In case of an Evans core the cuts can be made on
the complete core consisting of up to 3 loops whereas
the two inner loops can be cut in parallel for reducing the
total processing time.

[0026] In case that bundle of layers are cut, the indi-
vidual layers advantageously weld together at the cut
which simplifies the handling during re-lacing.

[0027] In order to support the shaping of the core body
for the time when the mandrel has been removed from
the core it is provided that temporarily the core is fixed
by means of a mold or any other appropriate support, e.
g. clamps or the like.

[0028] According to a further essential embodiment of
the invention after removal of the mandrel the wound
core body is annealed for at least /2 hour at about 350°C
in order to equalize the structure of the amorphous metal.
[0029] Preferably the annealing takes place when the
core body is complete i.e. that the loop is still closed and
not yet unlaced, i.e. opened. But according to another
embodiment of the invention itis provided that the cutting
of the core body is effected before the annealing proce-
dure has been initiated. Due to laser cutting which is an
essential feature of the invention it does not matter when
the annealing procedure of the core takes place i.e. be-
fore or after cutting the loop.

[0030] Accordingly the core is being annealed when it
is unlaced in order to give access to the core legs which
are formed by the long sides of the core.

[0031] Then, in order to enforce the core mechanically
preferably only the core legs including the lower part of
the core which connects the core legs are coated with
resin or a different polymeric material which provides as
well mechanical stability as protection against mechan-
ical wear.

[0032] However, preferably the coating of the core legs
is effected after annealing the core, i.e. after it has been
annealed, and before it is unlaced, i.e. opened, in order
to make then the core legs accessible for receiving the
respective transformer coils.

[0033] But no problem, it would also be possible to do
the coating after unlacing of the core when it is already
opened.

[0034] After re-lacing the core i.e. closing the core the
rest of the core is coated, too. At this stage, i.e. when the
coating has been cured the core is ready for use as a
transformer core.

[0035] Furthermore, an object of the inventionis to dis-
close a new method for manufacture of a transformer
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using such a core as described before. Amethod for man-
ufacture of a transformer having a core made of amor-
phous metal as it has been illustrated before is charac-
terized by the following steps

a) after the winding of the ribbons consisting of fer-
romagnetic material, such as amorphous metal or
silicon iron,has been finished the core is provided
with supports in order to maintain the shape of the
core and one side of the core loop is being cut by
means of laser cutting whereas prior to or after the
cutting of the core an annealing procedure takes
place;

b) after the annealing procedure the cut ends of the
respective core loop are bent up so that the core legs
are accessible;

c) then at least the lower part of the core comprising
the core legs and its connecting part is coated with
resin or a different polymeric material in order to
make it mechanically stable,

d) on at least one core leg at least one transformer
coil is shifted and

e) then the opened core is re-laced and the not yet
coated part of the core is coated.

[0036] With transformers having a core of amorphous
metal the core and the coils are manufactured separately
and then assembled. This requires that the core is
opened for inserting the coils.

[0037] Most advantageously according to one further
embodiment of the invention the core is provided for an
annealing procedure which is executed after removing
of the mandrel which is provided for manufacture of the
core.

[0038] Henceitis essential forthe integrity of the trans-
former core which consists of a plurality of thin layers of
foil to prevent the core from breaking down and losing its
shape. When the mandrel has been removed from the
core instead of the mandrel other devices are being pro-
vided to maintain the shape of the core such as supports,
molds or clamps.

[0039] These features as well as some advantageous
improvements and advantages will be illustrated com-
prehensively and explained by means of some drawings
being attached herewith in the following.

Brief description

[0040] In particular it is shown in

Fig. 1 four stages of manufacture of a transformer
with a core made from amorphous metal ac-
cording to the state of the art in lateral view;

Fig. 1a  1ststage: finished core;

Fig. 1b  2ndstage: opening of the core for forming core

legs;
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Fig. 1c  3rd stage: insertion of coils on the core legs;

Fig. 1d 4! stage: closing the core;

Fig.2a  core loop manufactured according to the in-
vention and being formed by a plurality of rib-
bons of amor-where a laser is provided for the
cutting of the ribbons in lateral view;

Fig. 2b  core loop manufactured according to the in-
vention and being formed by a plurality of rib-
bons of amorphous metal being supported by
core supports where some ribbons have been
cut already by the laser in lateral view;

Fig. 3 a similar arrangement as shown in Fig. 2a but
here with an Evans core in lateral view;

Fig. 4a  asimilar arrangement as shown in Fig. 2a but
here with a core loop on a trapezoid mandrel
in lateral view and

Fig. 4b  astaggered step-lap rectangular core loop af-
ter relacing. in lateral view

Description

[0041] InFig. 1ato 1d four stages of manufacture of a

core 10 for a transformer according to the state of the art
whereas the core 10 of is made from single stacked layers
of amorphous metal. Allthese figures are shown in lateral
view.

[0042] In particular Fig. 1 a shows a 15t stage of the
manufacturing process when the core has been finished.
This process is executed by cutting of the amorphous
ribbon to the appropriate length. The cutting is done by
ametal shears, which is a Guillotine-like device. Typically
abundle or a number of layers is cut simultaneously. The
outer layers of a core need to be longer than the inner
layers. This requires permanent adjustments of the cut-
ting length

[0043] Fig. 1 b shows a 2nd stage when the core has
been opened respectively when the ribbons have been
unlaced for forming core legs where coils are received.
This unlacing of the single layers is usually done manually
by means of mechanical equipment.

[0044] InFig.1ca3'dstage ofthe conventional method
has been shown where the core legs 12 receive the pro-
vided coils.

[0045] Finally in Fig. 1 d the 4th stage of the conven-
tional method shows a closed core whereas the formerly
unlaced ribbons are being re-laced and the core is being
closed again.

[0046] Infigures 2 to 4 the various steps and principles
and methods according to the claimed invention are
shown. All reproductions present the respective cores in
lateral view.

[0047] Fig. 2a shows a rectangular core loop 16 man-
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ufactured according to the invention and being formed
by a nearly endless i.e. continuously wound ribbon (not
shown in detail) of amorphous metal being supported by
core supports 18 which keep the core in shape.

[0048] According to one preferred embodiment of the
invention the positioning of the core 16 has been provided
in that way that the cut for unlacing the ribbons and thus
for opening the core 16 is effected from below.

[0049] This specific kind of cutting the ribbons results
in self-acting opening of the respective core by means
of gravity which forces the ends of the ribbons to bend
accordingly and release the access to the core legs 20
as shown partly in Fig. 2b.

[0050] As a tool for effecting of the cut of the ribbons
according to the invention a laser 22 is being provided
whereas the laser provided for the cut is directing its
beam 24 to the ribbons from below of the core 16 accord-
ingly. Additionally locally, e.g. between each layer of the
ribbons, some inserts 21 are being introduced in order
to limit the depths of the cuts effected by the laser.
[0051] Different from the arrangement shown in Fig.
2a the core 16 according to Fig. 2b is being supported
by a mandrel 26 which is to be removed when the cut of
the ribbons has been finished in order to allow the core
legs 20 of the core 16 receive the respective coils (not
shown)

[0052] In Fig. 3 a similar arrangement as shown in Fig.
2a is being displayed but here with an Evans core which
comprises two neighboring cores being enveloped by a
third core which is clasping the two cores commonly.
[0053] In Fig. 4a a similar arrangement is shown as
already in Fig. 2a but here with a trapezoidal core loop
28 on a trapezoidal mandrel 30 whereas the rest of the
arrangement is the same as with that shown in Fig. 2a.
Alaser 22 is positioned below of the core 28 and its beam
24 is directed to the lower front of the core 28 where the
inserts 21 have been introduced between the layers of
the ribbons as illustrated before.

[0054] InFig. 4ba staggered step-lap rectangular core
loop 28 after re-lacing is shown. As shown the formerly
cut parts of the core which corresponds to the base side
in Fig. 4a, i.e. the longer of both short sides, have been
re-laced i.e. reunited and finally the upper and the lower
short sides have the same length thus the core is rectan-
gular.

[0055] According to the invention it is possible to pro-
vide cuts different from straight cuts thus a better mag-
netic flux as well as overlapping of the cut ribbons is
achieved when re-lacing their ends.

List of References

[0056]

10 core

12 coreleg
14  coils

16  core loop
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18  core support

20 core legs, unlaced ribbons
21 inserts

22 laser

24  laser beam

26  mandrel

28  trapezoidal core

30 trapezoidal mandrel

Claims

1. Method for manufacture of a transformer core made
of ferromagnetic material, such as amorphous metal
or silicon iron, which is provided as a single ribbon
layer or as multiple ribbon layers, wherein

a) the single ribbon layers or bundle of ribbon
layers of ferromagnetic material, such as amor-
phous metal or silicon iron, are continuously
wound into loops, whereas the shape of the core
loops is effected by means of an appropriate
mandrel to be directly formed into its final shape;
b) the single or multiple ribbon layers of the loops
are being cut in that

- alaseris used for cutting, allowing fastand
precise cutting of the ribbons, and in that

- all ribbons of the loops are cut at at least
one position along the circumference of
each ribbon layer, characterised in that
the positioning of the corelloop for cutting
them to the appropriate length the laser is
being placed below it in order to allow the
ribbon layers open up (unlace) by gravity.

2. Method according to claim 1, characterized in that
the mandrel is removed and the core is temporarily
fixed in order to keep its shape by means of a mold
or any appropriate support.

3. Method according to claim 1or 2, characterized in
that the core is being annealed whereas the loop is
closed.

4. Method according to one of the preceding claims
where the core is being partly or completely coated
with resin or a different polymeric material in order
to stabilize its structure mechanically.

5. Method according to at least one of the preceding
claims characterized in that during the winding
process stripes of different material can locally be
inserted into the winding whereas the cuts are made
at the position of the inserts.

6. Method according to claim 5 characterized in that
the inserts are being introduced after each ribbon
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layer or after a bundle of layers in order to limit the
depth of the cuts.

Method according to claim 5 or 6 comprising char-
acterized in that the inserts are being displaced,
allowing a step-butt configuration.

Method according to at least one of the claims 5 to
7 characterized in that the inserts consist of amor-
phous metal, Si-steel, other metal foils, or polymeric
foils e.g. made of PTFE.

Method according to at least one of the preceding
claims characterized in that the winding axis has a
horizontal or vertical or some other direction.

Method according to at least one of the preceding
claims characterized in that in case of Evans cores,
the outer loop can directly be wound on the two inner
loops.

Method according to at least one of the preceding
claims characterized in that for displacing the po-
sition of the cuts, either the core or the laser is being
displaced, the direction is adjusted or the laser beam
is displaced by at least one mirror.

Method according to at least one of the preceding
claims characterized in that other than straight cuts
are being done, e.g. a wave-shaped cut, in order to
improve the magnetic flux and reduce losses and
excitation current.

Method for manufacture of a transformer having a
core made of amorphous metal or other ferromag-
netic material like silicon steel, according to at least
one of the preceding claims characterized by the
following steps

a) after the winding of the ribbons consisting of
ferromagnetic material, such as amorphous
metal or silicon iron, has been finished the core
is provided with supports in order to maintain
the shape of the core and one side of the core
loop is being cut by means of laser cutting
whereas prior to or after the cutting of the core
an annealing procedure takes place;

b) after the annealing procedure the cut ends of
the respective core loop are bent up so that the
core legs are accessible;

c) then at least the lower part of the core com-
prising the core legs and its connecting part is
coated with resin or a different polymeric mate-
rial in order to make it mechanically stable,

d) on at least one core leg at least one trans-
former coil is shifted and

e) then the opened core is re-laced and the not
yet coated part of the core is coated.
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Patentanspriiche

1.

Verfahren zur Herstellung eines aus einem ferroma-
gnetischen Material wie etwa amorphem Metall oder
Siliziumeisen hergestellten Transformatorkerns, der
als eine einzelne Bandschicht oder als mehrere
Bandschichten vorgesehen ist,

wobei

a) die einzelnen Bandschichten oder das Biindel
von Bandschichten aus ferromagnetischem Ma-
terial wie etwa amorphem Metall oder Siliziumei-
sen kontinuierlich in Schleifen gewickelt wer-
den, wohingegen die Form der Kernschleifen
mit Hilfe eines direkt in seine Endgestalt auszu-
bildenden entsprechenden Dorns bewirkt wird;
b) die einzelnen oder mehreren Bandschichten
der Schleifen so geschnitten werden, dass

- ein Laser flir das Schneiden verwendet
wird, was ein schnelles und prazises
Schneiden der Bander gestattet, und dass
- alle Bénder der Schleifen an zumindest
einer Position entlang des Umfangs jeder
Bandschicht geschnitten werden,

dadurch gekennzeichnet, dass

das Positionieren des Kerns/der Schleife, um sie auf
die entsprechende Lénge zu schneiden, der Laser
darunter platziert wird, damit sich die Bandschichten
durch Schwerkraft éffnen (entschachteln) kénnen.

Verfahren nach Anspruch 1, dadurch gekenn-
zeichnet, dass der Dorn entfernt wird und der Kern
vorlibergehend fixiert wird, um seine Gestalt mit Hilfe
einer Form oder irgendeiner angemessenen Stiitze
zu halten.

Verfahren nach Anspruch 1 oder 2, dadurch ge-
kennzeichnet, dass der Kern getempert wird, wo-
hingegen die Schleife geschlossen wird.

Verfahren nach einem der vorhergehenden Anspri-
che, wobei der Kern teilweise oder vollstdndig mit
Harz oder einem anderen polymeren Material be-
schichtet wird, um seine Struktur mechanisch zu sta-
bilisieren.

Verfahren nach mindestens einem der vorhergehen-
den Anspriiche, dadurch gekennzeichnet, dass
wahrend des Wickelprozesses Streifen aus unter-
schiedlichem Material lokal in die Wicklung einge-
setzt werden kénnen, wohingegen die Schnitte an
der Position der Einsatze vorgenommen werden.

Verfahren nach Anspruch 5, dadurch gekenn-
zeichnet, dass die Einsatze nach jeder Bandschicht
oder nach einem Biindel von Schichten eingeflhrt
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werden, um die Tiefe der Schnitte zu begrenzen.

Verfahren nach Anspruch 5 oder 6, umfassend da-
durch gekennzeichnet, dass die Einsatze versetzt
werden, was eine Step-Butt-Konfiguration gestattet.

Verfahren nach mindestens einem der Anspriiche 5
bis 7, dadurch gekennzeichnet, dass die Einsatze
aus amorphem Metall, Si-Stahl, anderen Metallfolien
oder polymeren Folien, zum Beispiel aus PTFE her-
gestellt, bestehen.

Verfahren nach mindestens einem der vorhergehen-
den Anspriche, dadurch gekennzeichnet, dass
die Wickelachse eine horizontale oder vertikale oder
irgendeine andere Richtung besitzt.

Verfahren nach mindestens einem der vorhergehen-
den Anspriiche, dadurch gekennzeichnet, dass im
Fall von Evans-Kernen die aullere Schleife direkt
auf die beiden inneren Schleifen gewickelt werden
kann.

Verfahren nach mindestens einem der vorhergehen-
den Anspriche, dadurch gekennzeichnet, dass
zum Versetzen der Position der Schnitte entweder
der Kern oder der Laser versetzt wird, die Richtung
verstellt wird oder der Laserstrahl durch mindestens
einen Spiegel versetzt wird.

Verfahren nach mindestens einem der vorhergehen-
den Anspriche, dadurch gekennzeichnet, dass
andere als gerade Schnitte vorgenommen werden,
z.B. ein wellenférmiger Schnitt, um den Magnetfluss
zu verbessern und Verluste und Erregungsstrom zu
reduzieren.

Verfahren zur Herstellung eines Transformators mit
einem aus amorphem Metall oder einem anderen
ferromagnetischen Material wie Siliziumstahl herge-
stellten Kern gemafl mindestens einem der vorher-
gehenden Anspriiche, gekennzeichnet durch die
folgenden Schritte

a) nachdem die Wicklung der aus ferromagne-
tischem Material wie etwa amorphem Metall
oder Siliziumeisen bestehenden Bander fertig-
gestellt worden ist, wird der Kern mit Stiitzen
versehen, um die Gestalt des Kerns beizube-
halten, und eine Seite der Kernschleife wird mit
Hilfe von Laserschneiden geschnitten, wohin-
gegen vor oder nach dem Schneiden des Kerns
eine Temperungsprozedur stattfindet;

b) nach der Temperungsprozedur werden die
Schnittenden der jeweiligen Kernschleife hoch-
gebogen, so dass die Kernschenkel zuganglich
sind;

c) dann wird zumindest der untere Teil des die
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Kernschenkel und seinen Verbindungsteil um-
fassenden Kerns mit Harz oder einem anderen
polymeren Material beschichtet, um ihn mecha-
nisch stabil zu machen,

d) auf mindestens einem Kernschenkel wird zu-
mindest eine Transformatorspule verschoben
und

e) dann wird der gedffnete Kern wieder ver-
schachtelt und der noch nicht beschichtete Teil
des Kerns wird beschichtet.

Revendications

Procédé de fabrication d’'un noyau de transformateur
constitué d’'un matériau ferromagnétique, tel que du
métal amorphe ou du fer au silicium, qui est appliqué
sous laforme d’'une unique couche de ruban ou sous
la forme de multiples couches de ruban,

dans lequel

a) les couches de ruban uniques ou le faisceau
de couches de ruban de matériau ferromagné-
tique, tel que du métal amorphe ou du fer au
silicium, sont enroulés de fagon continue en
boucles, alors que la forme des boucles de
noyau est imprimée au moyen d’'un mandrin ap-
proprié pour qu’elles soient directement fagon-
nées dans leur forme finale ;

b) les couches de ruban uniques ou multiples
des boucles sont découpées de telle sorte que

- un laser est utilisé pour la découpe, ce qui
permet une découpe rapide et précise des
rubans, et de telle sorte que

- tous les rubans des boucles sont décou-
pés a au moins une position le long de la
circonférence de chaque couche de ruban,

caractérisé en ce que le positionnement du
noyau/de la boucle pour leur découpe a la longueur
appropriée, le laser est placé au-dessous d’eux pour
permettre aux couches de ruban de s’ouvrir (se dé-
lacer) par gravité.

Procédé selon larevendication 1, caractérisé en ce
que le mandrin est retiré et le noyau est temporai-
rementfixé afin de maintenir sa forme au moyend’un
moule ou n’importe quel support approprié.

Procédé selon la revendication 1 ou 2, caractérisé
en ce que le noyau est recuit alors que la boucle est
fermée.

Procédé selon une des revendications précédentes
dans lequel le noyau est partiellement ou totalement
enrobé derésine ou d’'un matériau polymeére différent
afin de stabiliser mécaniquement sa structure.
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Procédé selon au moins une des revendications pré-
cédentes caractérisé en ce que pendant le procédé
d’enroulement des bandes d’un matériau différent
peuvent étre insérées localement dans I'enroule-
ment alors que les découpes sont faites a la position
des piéces rapportées.

Procédé selon la revendication 5 caractérisé en ce
que les piéces rapportées sont introduites aprés
chaque couche de ruban ou aprés un faisceau de
couches afin de limiter la profondeur des découpes.

Procédé selon la revendication 5 ou 6 comprenant
caractérisé en ce que les piéces rapportées sont
déplacées, ce qui permet une configuration bout a
bout en gradins.

Procédé selon au moins une des revendications 5 a
7 caractérisé en ce que les piéces rapportées sont
composées de métal amorphe, d’acier au Si,
d’autres feuilles métalliques, ou de feuilles polyme-
res par ex. constituées de PTFE.

Procédé selon au moins une des revendications pré-
cédentes caractérisé en ce que I'axe d’enroule-
ment a une direction horizontale ou verticale ou une
certaine autre direction.

Procédé selon au moins une des revendications pré-
cédentes caractérisé en ce qu’en cas de noyaux
Evans, la boucle extérieure peut étre directement
enroulée sur les deux boucles intérieures.

Procédé selon au moins une des revendications pré-
cédentes caractérisé en ce que pour déplacer la
position des découpes, le noyau ou le laser est dé-
placé, la direction est ajustée ou le faisceau laser
est déplacé par au moins un miroir.

Procédé selon au moins une des revendications pré-
cédentes caractérisé en ce que d’autres découpes
que des découpes rectilignes sont réalisées, par ex.
une découpe en forme de vague, afin d’améliorer le
flux magnétique et réduire les pertes et le courant
d’excitation.

Procédé de fabrication d’'un transformateur ayant un
noyau constitué de métal amorphe ou d’un autre ma-
tériau ferromagnétique comme l'acier au silicium,
selon aumoins une des revendications précédentes,
caractérisé par les étapes suivantes :

a) apres que I'enroulement des rubans compo-
sés d’un matériau ferromagnétique, tel que du
métal amorphe ou du fer au silicium, a été ache-
vé, le noyau est pourvu de supports afin de main-
tenir la forme du noyau et un c6té de la boucle
de noyau est découpée au moyen d’'une décou-
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pe au laser alors qu’avant ou aprés la découpe
du noyau une procédure de recuit a lieu ;

b) aprés la procédure de recuit, les extrémités
découpées de la boucle de noyau respective
sont pliées de telle sorte que les branches de
noyau sont accessibles ;

c) ensuite, au moins la partie inférieure du noyau
comprenant les branches de noyau et sa partie
de connexion est enrobée de résine ou d’'un ma-
tériau polymere différent afin de la rendre mé-
caniquement stable ;

d) surau moins une branche de noyau, au moins
une bobine de transformateur est décalée et
e) ensuite, le noyau ouvert est refermé et la par-
tie non encore enrobée du noyau est enrobée.
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